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FOREWORD

The investigation covered in this report was performed by the Engi-

neering Experiment Station of the Georgia Institute of Technology under

National Aeronautics and Space Administration, George C. Marshall Space

Flight Center, Contract No. NASS-8. The contract Technical Supervisor was

Y_. Clyde M. Holmes, Special Assistant, Engineering Materials Branch,

Structures and Mechanics Division, Technical Services. The contract

period was i July 1960 to 31 October 1960o This report covers all work

performed during this contract period. This contract was a continuation

of U. S. Army Ordnance Contract No. DA-Oi-O09-0RD-777.

r
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I o St_gkRY

A. Equipment and Procedures Used for Standard Tests

The procedures; plaster molds, brass molds, data calculations Mud equip-

ment have been described and illustrated. Unless otherwise specifically

noted the "standard' sample sizes; formulas_ equipment and procedures were

followed in conducting all experiments as detailed and illustrated herein.

B. Hydrated Cement--Fused Silica Aggregate Mixes

Studies previously performed under U. So Army Ordnance Contract No.

DA-OI-OO9-ORD-777 indlcated tha_hydrated cements such as Lumnite (calcium

almminate), portland cement, and Gypsmm plaster held promise as an ablative

and transpiration cooling material when mixed with fused silica aggregate.

_ue main thoug_in considering these hydrated cements was to utilize the com-

bined water (water of crystallization or chemically bound water) for tran_

spiration cooling.

One of the major disadvantages of these materials - low transverse strength -

could be overcome by using these materials as a filler for honeycomb structure,

thus forming a composite structure that would offer good mech_uical strength_

good thermal shock properties, and transpiration cooling through the release

of the combined water in the filler material - hydrated cements.

Since strength problems apparently could be solved_ studies were initiated

to determine the effect of (I) changes in the water of plasticity (water-to-

cement ratio), (2) ch_uges in the fused silica aggregate size from -100+200

mesh to -50+100 mesh, and (3) additions of Aerollth (Vinsoi resin) - 0.5 oz

Aerolith per 94 ib cement to 4 oz Aerolith per 94 Ib cement - on the ablation

and physical properties of various combinations of Lmu_uite cement and porti_ud

-i-
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cement--fused silica agdrcgate compos_tlons_ Also studied was the effect of

repiacJng the water used in the cements with Ludox IS (colloidal silica) on

the ablation and physical properties of the materials and the effect of driving

the chemically bound water out of the samples by firing at 2150 ° F before ex-

posure to the exhaust gases.

Among the data obtained from the combinations of hydrated cements and

fused silica aggregate mixes are per cent apparent porosity, per cent water

absorption; bulk density, transverse strength; ablation or erosion rate, weight

loss rate_ backside temperature, differential thermal analysis, and transpira-

tion cooling data. All of the ablation properties, backside temperature

determinations, and transpiration cooling data were obtained from standard

2- x 7- x I/2-inch rocket motor test plate smapies exposed to the exhaust

gases of the o_yhydrogen rocket motor at a heat flux value of 260 Btu'ft-2.sec -I

_ne water-cement ratio studies indicated that a ratio of 1-33 produced

a maximmm transpiration cooking period of 1i4 seconds for the Lumnite cement--

fused silica aggregate compositions. This same ratio produced a maximum

transpiration cooling period of 55 seconds for the special Lumnite cement

compositions and 58 seconds for the porti_nd cement compositions.

The changes in the fused silica a_gregate sizes in the Lturmite cement

compositions from -100+200 mesh to -50+100 mesh did not indicate any dramatic

increases in the trar_spiration cooling periods.

The Aerolith additions to L'_v_ite and portland cements studies indicated

_o_at a 2-oz-Aeroiith-per-94-ib-cement-addition to the 30 _ner cent L_-_nite ce-

ment--70 per cent -100+200-mesh fused silica aggregate composition with a

water-cement ratio of i.ii produced a transplrat_on cooling period of i14

seconds, whereas thms composition without the Aeroiith addition e:chibited a

-2-
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transpiration cool_ng period of 72 seconds. In the case of Aerolith additions

to similar compositions of portland cement but with a watc_'-cement ratio of

0°84, the transpiration cooling period was _i and 46 seconds respectively with

2- and 4-oz-Aerolith-per-94-1b-cement additions° The portland composition

without the Aeroiith additions exhibited no definite transpiration cooling

period.

The replacement of water wlth Ludox coiioidal silica in the cement-fused

siiica aggregate compositions did not tend to improve the strength or ablation

properties of the cor_positions.

A comparlson of partially deb]jdrated with hydrated 30 per cent Lumnite

cement--70 per cent -100+200-mesh fused silica aggregate rocket motor test

plates graphically illustrated the transpiration cooling effect of the release

of the combined water° _ne partialiy deb@drated and hydrated test plates

respectively indicated transpiration cooling periods of 14 and 76 seconds.

i
_ne weigher loss rate was increased from 0.113 to 0o163 gm-sec- and the ablation

i
or erosion rate was increased from 0.0009 to 0.0038 in-see- due to partial

removal of the chemically bound water.

C. Reinforced Ceramic Fmber Cers-mlcs

A study was initiated to determine the feasibility of reinforcing (i) 30

per cent Lu_mite cement--fused silica aggregate compositions and (2) $ per cent

_yropreg AC bonding resin--fused silica slip compositions with H. I. _nompson

Fiber Glass Company's Refrasil flakes and fibers and General Electric Company's

}ure fused silica fibers° T_.e transverse strength of the 30-per-cent-Lumnite-

cement composltions were suhst_utiaiiy _mproved (as much as a 136-per-cent

increase with sau average increase of 65 per cent) due to the fiber ar.d flake

reinfoYeement The transverse strength of Zhe $ per cent Pyropreg AC bonding

-3-
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resin compositions in general were not improved. Due to time limitations

ablation properties could not be studied.

D. Composite Structures

Composite structures were formed by (i) filling the eharmeis of a

honeycomb structure w_th a Ltumuite cement composition and (2) coating a

metal substrate with fused silica aggregate compositions. _ne composite

structures were exposed to the exhaust gases of the oxyhydrogen rocket

motor.

A i/2-inch-diameter x i/S-inch-width groove was cut in the baekpiate

of one of the honeycomb p_uels as sho'mn in Figure 50 for the purpose of

determining any heat sink effect. The heat sink effect of the backplate

is graphically shown by the lower change in backside temperature for approxi-

mately the s_me time and by the masking or hiding of the flat portion of

curve 'O'; Figure 39, of the transpiration cooling effect of the Lm_nite

cement filler material.

_ne results of coating two mild steel substrates with two different

fused silica aggregate compositions and of exposure to the exhaust gases

indicate that there is a possibility of easily coating a metal nose cone

with a ceramic material for thermal protection (in this case fused silica)

and still retaining the desired properties of both the metal and ceramic.

E. Differential _nerma! Analysis (DTA)

DTA data were obtained for all test s_r_pies studied in the preliminary

investigation of hy<-ated cement_ Section B. The DTA data were correlated

with the transpiration cooling data _qd backside temperature data° iZ was

indicated that the gTeater the endothermic area muder the DTA curves the
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longer the transpiration cooling periods during exposure to the exhaust gases

of the oxyhydrogen rocket motor.

F. Ablation Studies

Ablation or erosion rates; weight loss rates_ backside temperature deter-

mination, and transpiration cooling data were determined for all test samples

studied in Sections B_ C, and D using the standard 2- x 7- x i/2-inch rocket

motor test plates. _ne test plates were exposed to the exhaust gases of the

oxyhydrogen rocket motor at 9-1/2 inches from the exit plane of the rocket

nozzle at a flame impingement angle of 45 °. Water calorimeter heat flux value

for this distance and angle was 260 Btu'ft-2°sec -I _ne results of these

determinations are s_v_arized under the corresponding headings listed above.



Finn.]_ I-{¢por[._ ]';'oil,c:, i[o. A-_.]_J

II. PURPOSE

The purpose of Contract No. NAS8-8 was the development of high temperature

resistant materials for aerodynamic application at high velocities and tempera-

tures.

f
rood



III. I X_; RI ,_',PAL WORK

A. Equipment and Procedures Used for Standard Tests

The following standard procedures, plaster moidsj brass molds, _ud

equipment were used to determine data for the tests indicated, unless other-

wise specifically noted.

(i) Transverse Strength

All transverse strength measurements were made on a Dillon Model

L Universal Tester. Certified calibrated dynamometers with capacities of

250 and 500 ib were used. A cross head speed of 0.i25 inch per minute was

employed. _ne sample size is 3/4 inch in diameter x 6 inches in length for

the round bars and 4 x 3/4 x 3/4 inches for square bars.

to compute the transverse strengths are:

ao Round Bars

Transverse strength - 8pl

_d 3

where

where:

The formulas used

b .

p = maximmm load indicated by the testing machine in pounds.

i = distance between the supports in inches.

d = diameter of round bars in inches.

Square Bars

3pl

Transverse strength - 2bd2

p = m_mur, load indicated by the testing machine in pounds°

i = distance between the supports i_ inches.

b = average overai2 width_ face to face_ of the s_v_ple in inches.

d = average overall depth_ face to face_ of the s_mple in inches.

-7-



a. Dry We i_t, D.

i. Samples dried at 2300 F

2. If during the boiling process, (b) below, some particles

were noted in the bottom of the pan, the samples were redried and reweighed

(this weight was then recorded as the dry weight).

b. Boiling

The samples were boiled for 2 hours, keeping samples off the

bottom of the pan, and then allowed to slowly cool to room temperature.

c. Suspended Weight, S

This weight was determined after boiling by weighing the

samples in water to the nearest 0o01 gm.

d. Saturated Weight, W

The samples were blotted lightly with a sponge after saturation

and weighed to the nearest O.01 gin.

e. Exterior Volume, V

V=W-S

f. Per Cent Apparent Porosity, P

W-D

p = -_- x i00

g. Per Cent Water Absorption, A

W-D
A - x 100

D

h. Bulk Density, B

D
B = --

V

o .;

j _

t *
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(3) DTA (Differential Thermal Analysis)

a. Furnace and Associated Equipment 1

1. Furnace: A muffle furnace, heated by Kanthal resistance

wire elements, was used to heat the samples for the differential thermal analy-

sis studies. The platform, which lowered from the bottom of the furnace, held

the samples in the heating zone (Figure 3).

2. Control: The furnace temperature and heating-cooling rate

were controlled by a proportional-type unit which employed a pneumatic system

to control the furnace through a saturable reactor and was capable of maintain-

ing a constant heating rate of ! 1 per cent over a range of 2° to 42 ° F per

minute. In this investigation a rate of furnace temperature rise of 20 ° F per

minute (ll.1 ° C per minute) was maintained throughout.

3. Recorder: The recorder used for obtaining the DTA data

reported in this study employed two pens which recorded simultaneously (as a

function of time) the temperature of the reference material and the electro-

motive force produced by the temperature differential between the reference

and test samples. By means of a range selector switch, the range of the

instrument could be made -5 to +5 mv or -0.5 to +0.5 my, both with a zero-

millivolt center scale position. Chromel-Alumel thermocouples were used to

drive this instrument.

b. DTA Molds

Two molds were used to cast five test samples each. The molds

were constructed in three parts and held together by bolts. The side walls

ij. D. Waltonj Jr., "New Method of Preparing Clay Samples for Differential

Thermal Analysis," The Journal of the American Ceramic Society 38, No. 12, _
440 (December 1955).

-ll-
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were made from 5/8-1nch steel, the bottom plates from i/8-inch steel plate,

and the thermocouple pins from 5/32-inch drill rod. The thermocouple pins were

sweated into the bottom plates with silver solder. Figure 3 shows the mold and

sample used for DTA studies.

(4) Ablation Studies

The standard rocket motor test plates were 7- x 2- x i/2-inch and

were cast in brass or Gypsum plaster molds shown in Figure 4. The test plates

were exposed to the exhaust gases at 9-1/2 inches from the exit plane of the

oxyhydrogen rocket motor nozzle. The angle of flame impingement was 45 °. The

indicated water calorimeter heat flux value is 260 Btu-ft-2.sec -I.

The backside of the test plates was insulated from the holder with Kaolin

wool. A spring-loaded iron-constantan thermocouple was placed against the sur-

face opposite the point of flame impingement for backside temperature measure-

ments. A schematic of the sample holder, the thermocouple location, insulation,

and location from the exit plane of the rocket motor is shown in Figure 5. The

backside temperatures were recorded automatically with a Wheelco Model 8000

strip chart recorder.

The ablation rate of each sample was determined by measuring the thickness

of the sample before testing, subtracting the minimum thickness after testing

and dividing by the length of time the rocket motor was fired.

The weight loss rate was determined by weighing the sample before testing,

subtracting the weight after testing, and dividing by the length of time the

rocket motor was fired.

The oxyhydrogen rocket motor used in these studies was constructed during

1957. This was a combined effort by the Navy Bureau of Ordnance and the

Station's Ceramics Branch. The primary purpose of this test facility is to

evaluate materials for use in rocket motors, i. e., nozzles and Jet vanes.

A water-cooled nozzle as shown in Figure 6 was attached to the rocket

motor and the motor was evaluated for possible use as a preliminary test

-12-
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device for screening various compositions to be tested by Redstone Arsenal's

4HT and 164HTburners. Comparison of data obtained for Micarta with Redstone

Arsenal's facility and the Station's rocket motor test facility indicated that

data obtained from the two facilities could be correlated.

The maximum ablation rate obtained with the Station's facility was approxi-

mately one-half the maximum ablation rate obtained by Redstone Arsenal with

their 4HT and 164 HT burners. This held true for large time limits, i.e.,

between l0 and 50 seconds. This ablation rate was determined by the thickness

of the test sample and not the mass removed.

The heat flux of the exhaust gases was measured using a modified water

calorimeter designed by Battelle Memorial Institute (Figure 7). The heat flux

was determined as a function of distance from the exit plane of the rocket motor

both at 90 ° and at 45 ° to the plane of the exhaust. These results are shown in

Figure 8. The stagnation enthalpy and the stagnation temperature provided by

the rocket motor exhaust were calculated as a function of the distance from the

exit plane. The relationships are shown in Figure 9- Measured stagnation tem-

peratures at distances between 6 and 12 inches are also shown in this figure.

The operating conditions of the oxyhydrogen rocket motor are shown in

Table I.

B. Hydrated Cement--Fused Silica A_gre_ate Mixes

Studies performed under U. S. Army Ordnance Contract No. DA-O1-009-0RD-777,

of which this reported work is a continuation, indicated the merits of hydrated

cement--fused silica mixes as materials for use in ablation and/or tran-

spiration cooling systems. The hydrated cements also offered other advantages

such as low cost 3 fabricabilltyj and adaptability to composite structures such

-16-
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TABLE I

OPERATING CONDITIONS OF OXYHYDROGEN ROCKET MOTOR

Fuel

Oxidizer

Fuel-0xidizer Ratio by Volume

Fuel Flow Rate

Oxygen Flow Rate

Upstream Fuel Pressure +

Upstream Oxygen Pressure +

Chamber Pressure ++

Starting Chamber Pressure Peak +++

Estimated Flame Temperature

Heat Flux in Nozzle Area ++++ (approx)

Exhaust Velocity (approx)

Gaseous hydrogen

Gaseous oxygen
4:1

36 scf/min

9 scf/min

860 psi

840 psi

275 psi

400 psi

3800 ° F -i
1250 Btu.ft-2.sec

7500 fps

+Pressure upstream of critical flow orifice.

++Continuous chamber pressure using water-cooled nozzle.
+++

Pressure peaks at 400 psi due to external ignition procedure.
++++

Measured through a water-cooled copper nozzle.

as open-faced honeycomb. Its adaptability to composite structures enhanced its

attractiveness for use under hyperthermal-hypervelocity conditions, i.e.,the

honeycomb structure would offer the mechanical strength and adaptability to

other component parts of the missile while the hydrated cement--fused silica

aggregate mixes would act as a filler material and would offer the insulation

and cooling of the nose cone through the release of the water of crystalliza-

tion of the cement and ablation of the composite structure. It has previously

been demonstrated that the chemical or combined water of the hydrated material

could be utilized for transpiration cooling.

A preliminary investigation was made to determine: (1) the effect of an

increase in the water-to-cement ratio from 0.67 to 1.67 on the ablation and

physical properties of portland, Lumnite and special Lumnite cement compositions;
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(2) the effect of an increase in Aerolith (Vinsol resin) additions from 0.5

oz per 94 ib cement to 4 oz per 94 ib cement on the ablation and physical

properties of portland and Lumnite cement composlt_ons; and (3) the effect of

a change in aggregate size from -lO0+200-mesh to -50+lO0-mesh fused silica on

the ablation and physical properties of 30, 40, 60, and 80 per cent Lumnite

cement compositions.

It was planned to incorpogate the best compositions into honeycomb

composite structures and evaluate them in the exhaust gases of the oxyhydrogen

rocket motor° A complete analysis was anticipated at this time; however, due

to time limitations this was not possible and therefore sample 1246-01-C of

Table III was chosen, before the preliminary investigation was completed, to

be incorporated into the composite structure. This composite structure is

discussed in section D of this chapter.

The test sample for the preliminary investigation of hydrated composi-

tions were prepared by following the standard procedure for preparing and

curing of cements outlined in Table II. The samples investigated are shown

in Table III. A chemical analysis of the hydrated cements is shown in the

Appendix.

Physical properties (bulk density, per cent water absorption, and per cent

apparent porosity) were determined for each sample. Test samples 3/4 x 3/4 x 4

inches were used for the determinations. The physical properties are shown in

Table IV. The probable transverse strength range of these samples is 400 to 600

psi for the Lumnite and special Lumnite samples while the range for the portland

-22-
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TABLE II

STANDARD PROCEDURE FOR PREPARING AND CURING CEMENTS

Step Number

i

2

3

4

6

7

8

i0

ii

12

Preparation of Molds

Apply thin coat of vaseline jelly to the brass molds for

releasing purposes.

Preparation of Mixture

Add 3 per cent water based on dry weight of aggregate to

the fused silica aggregate and roll on a ball mill for a

minimum of 16 hours.

Mix dry cement and wetted fused silica aggregate in a

Hobart N-50 mixer for 5 minutes.

Add the required amount of water to the mixture and mix

in a Hobart N-50 mixer for an additional 5 minutes.

Vibrate resultant slurry into prepared molds. Vibrate for

approximately 5 minutes.

Curing of Test Samples

Allow mixture to set in air for 6 to 8 hours.

Cover the molds with wetted burlap cloth and place in mois-
ture box for 24 hours.

Remove samples from the molds and cover with wetted burlap

cloth for 2 days, slowly allowing the cloth to dry.

Remove burlap cloth.

Drying and Firing Procedure

Air dry samples for 5 days.

Dry and fire at desired temperatures and times.

Testing of Samples

Test samples immediately after step ll.

-23-



Final Re_ort_ Project No. A-512

1--1
H
H

H

O
O

O

H
r_

i
i

r.0

r...)

0

r_O

0
H

I.-I
r_
0

O
O

-O

rj

¢)

4_

. to°1

oi'-,

c;I
0.--4i

 joL

I I I I I I I I I I I I I I I I I I I I

0 0 0 0 0 0 0 0 0 0 0 0 0
b-- b- b-- b- b'- b-- _-" b- b- b-- b'- b- ,0_ 0 0 0 0 0b- b- b- b-- b- Oh--

4_
.,--4

c,I

p-t

0 0 0 0
_Q- I i I I I I i I (_ C_ C_ C_ I I i I I I I I

4-)

0

0 0 0 0 0 0 0 0
I i I I C_ (_ ('_ _ I I I I I I I I _ _ _

4-3 4-_

001_00t_11
o o o o

I I I I I I _ _ {'_ C_ I I I

0
D'J

÷ +
+ + + +

0 0 0 o o o o o o o o o o 0 o o o o o o
I I I I I I I I I I I I I I I I I I I I

,.=...,,
'd

o
v

-24-



cO

<o

O
O

o
H

H

"d
A

o i
r.b r_

I--4
I-4

(.)

A

O

m.
O

o

r._

Final Report_ Project No. A-512

d)

C)
I

O

+J

_-_ ,'-I ,--I _ ,--I ltn. L'M _'t r--I I_ 03 _:f

A J jo o

0

I

U

,--I

o _ o oi a I I I I I L'- _ _,I

0 0 0 0 0 0 0
! I

4_
-H

H

O

©
g4

! ! i I i I i I i i I

_ 0 0 0 0
•_ _ oq r,_ _ I

0
P_

i i I I I I I

4-_ -_

0 0 0 0 0 0 0 0

4-
-F +

u'_ _ b-- cO 0 0 0 0 0 0 0 0
(_ I I I I I I l I I I I I

,-I _-{ _ ,-_ OJ 0J OJ @,J 0d 0J C_ OJ
0 0 0 0 0 0 0 0 0 0 0 0

• I I I I I I I I I I I I

CO CO 00 O0 kO _ %C} kO _C> _ kO kD

_ _ 0
0 0 0 tJ

0"_ 0"_ O_ 0"_

% % ,q %

4-_ -O -O 4-_
•r-I _ -H _-I
r't _ r'l r-t
0 0 0 0

0 0 0 0

Uf_ 0 0 0

0 ,-'1 OJ
.4- 4- 4- +

•4- "4- ÷
+ +

+

-25-



Fin:i] _,_l_ort_ Project No. A-51.2

samples is 600 to 800 psi. The probable l_near shrinkage at room temperature

for the Lumnlte and special L_mmite samples is 0.2 to 0.6 per cent and 0.3 to

1.0 per cent for the portland samples while the probable linear shrinkage at

2150 ° F is 2 to 6 per cent for the Lumnite samples and 2 to 6 per cent for the

portland samples. These values are based on previous work.

TABLE IV

PHYSICAL PROPERTIES

OF HYDRATED CEMENTS--FUSED SILICA AGGREGATE MIXES

Gao Tech

S_mple Nee

12k6-OI-A

1246-O1-B

1246-0i-C

1246-O1-D

1248-O2-AP

1248-O2-BP

1248-o2-ce

i248-02-DP

1246-04-ASL

i246-OA-BSL

1246-04-CSL

1246-O4-DSL

i246-03-2L

1246-03-2L

1246-O3-3L

i246-03-4L

1248-O1-5P

1248-Oi-6P

i248-0i-7P

1248-01-8P

1248-01-5XP

Avg.

Apparent Porosity
(%)

25 "9

21.1

24.1

27.8 -

33-5

19.7

28.1

28.2

30.6

24.7

28.5

34.6

32.3

32 .4

35 .o

37.8

27.5

21.3

19.5

23.8

22.4

Avg.

Water Absorption

(%)

16.0

12.4

14.8

16.9

2 .1

12.0

18.4

19.2

2o. 3

15.3

18.7

24.7

21.8

32.1

24.7

28.2

17.6

13.9

Ii .7

i6.5

13.6

(Continued)
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Avg.

Bulk Density

1.64

1.71

1.63

i.59

1.45

1.65

1.53

1.55

1.51

1.61

1.52

1.40

i.48

1.47

1.42

i. 34

1.56

1.54

1.67

1.44

1.65
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TABLE IV (Continued)

P]PfSICAL I_ROI_]']RTIES

OF HYDRATED CIggENTS--FUSED SIIJCA AGGREGATE MIXES

Ga. Tech Avg,, Avg. Avg.

Sample No. Apparent .Porosity Water Absorption Bulk Density

(_) (_) (Gm/CC)

1248-01-6XP 28.8 19.3 1.49

1248-01- 7XP 34. i 25.9 i. 32

1248-01-8XP 40.2 34.5 i. 17

1246-02-01 20.8 12.2 i. 71

1246-02-02 _8.2 i0.2 i. 77

1246-02-03 11.6 5.9 1.97

1246-02-04 9.3 4.4 2. i0

1246-02-05 26.1 19.7 i. 52

1246-02-06 23.8 • 14. i i. 68

1246-02-07 16.5 8.5 i. 93

1246-02-08 15 -9 7.8 2.06

A DTA was made for each point of study using a calcined Lumnite cement

test pellet as the reference for the Lumnite samples and a calcined portland

cement test pellet as the reference for the portland samples. The composition

of the reference pellets was the same as the samples tested. The variations

in the water-cement ratio, Aerolith additions, and change in aggregate particle

size were studied to determine their effect on the magnitude of the endother-

mic peak caused by the release of the water of crystallization. The results

of this analysis are shown in Figures i0 through 25, section E of this chapter.

Backside Semperature and ablation properties were determined for each point

of this study. The ablation properties of the test plates are shown in Table

XI while the transpiration cooling data are shown in Table XII, section XII,

section F of this chapter. The backside temperature determinations are shown
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in Figures 30 through 37, section F of this chapter. Also, the test plates

after ablation tests are shown in Fi_ires 41 through 48.

From the results of the water of plasticity study of Lumnite, special

Lumnite, and portland cements--fused silica aggregate it was indicated that

a correlation could be made between the DTA data (Table IX and Figures l0

through 25) and the ablation data (Tables XI and XII and Figures 30 through

37); that is, the greater the endothermic area of the DTA curves the greater

the transpiration cooling period. This correlation was also noted in the

change in aggregate particle size and in the Aerolith addition study.

A DTA was made on 100 per cent Lumnlte, portland, and Gypsum plaster

cements. The results are shown in Table IX and Figures 26 and 27. The

Gypsum plaster had the greatest endothermic area of approximately l0 in2 with

portland cement next with 5.5 in 2 and then Lumnite cement with 5.1 in 2. Two

endothermic peaks were noted for the Lumnite and portland cement test pellets.

A study was made to determine the effect of replacing part or all of

the water used in the cement with Ludox I_ (colloidal silica). Rocket motor

test plates, transverse strength bars, and DTA test pellets were cast using

the composition listed in Table V.

The average transverse strength of the samples was approximately 220 psi,

average bulk density was 1.4 gm/cc and average apparent porosity was 34 per

cent. The DTA data are shown in Table IX 8_nd Figures 28 and 29. The highest

endothermic area of 2.66 in2 was obtained with sample 1246-02-X2A. However,

the transpiration cooling effect was less than the Lumnite samples containing

only water.

Three rocket motor test plates of sample i246-01-B were prepared, cured,

and fired at 2i50 ° F for 4 hours to remove the majority of the combined or

I

C

-28-
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TABLE V

TEST SAMPLES INVESTIGATED (LUDOX ADDITION)

Ga. Tech

Sample No.

Fused Silica

Aggregate Water-Cement

(-100+200 Mesh) Ratio

Ludox-Cement

Ratio

Immnite

Cement

(%)

1246-06-X1 30 70

12k6-O6-X2 + 30 70

1246-06-X2A ++ 30 70 -

+Composition troweled in mold after gelling.

++Composition poured in mold before gelling.

0.67 0.87

- 1.72

1.72

chemical water. The test plates were then placed in a desiccator until ex-

posed to the exhaust gases of the oxyD_drogen rocket motor at a heat flux

value of 260 Btu'ft-2.sec -1. Figure 30 shows the amount of cooling that was

due to the release of the combined water (samples A, B, C, D) and the amount

of cooling that is almost entirely due to ablation (sample BF). The weight

loss rate was increased from 0.113 to 0.163 gm-sec -1 while the ablation rate

was increased from 0.0009 to 0.0038 In'sec -1 due to the removal of the combined

water. The results of this investigation offer evidence to validate the

theory that the majority of the cooling is accomplished through the release

of the combined water.

C. Reinforced Ceramic Fiber Ceramics

A study was initiated to determine the feasibility of reinforcing (i)

30 per cent Lumnite cement--fused silica aggregate compositions and (2)

8 per cent Pyropreg AC bonding resin--fused silica slip compositions with

H. I. Thompson Fiber Glass Company's F100-1/4, F100-1/2, F100-1 fibers and
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FLiO0 flakes, and General Elcctric Company's p_e fused silica fibers. These

reinforcing materials were added to the 30 per cent Lumnite cement and the 8

per cent l_ropreg AC resin composition (see Table Vl) in increments of 0.25

per cent up to 1.0 per cent.

The compositions are listed in Table VI. This table is for sample number

reference purposes.

The fibers and flakes were washed in 5 per cent solution of TSPP and then

rinsed in water but not dried. The fibers and flakes were then introduced into

the 30 per cent Lumnite cement and the 8 per cent l_ropreg AC bonding resin--

slip compositions. The mixtures were then thoroughly mixed using a Hobart

Model N-50 mixer. The Lumnite cement mixtures were then poured into brass molds

until set and the resin--slip mixtures were poured into plaster molds until cast

solid. The Lumnite cement test samples were cured following the standard curing

procedure for cements shown in Table II. The Fyropreg AC bonding resin test

samples were cured by air drying for 16 hours, drying at 230 ° F for 8 hours,

and curing at 400 ° F for 16 hours. The physical properties were then determined

for each test sample and are shown in Tables VII and VIII.

The strength of the fiber-reinforced 30 per cent Lumnite cement--70 per

cent -iO0+200-mesh fused silica aggregate was increased for each fiber addi-

tion with sample 1246-05-F 7 exhibiting the highest strength of 660 psi. This

value represents a 135.7-per-cent increase in strength from the standard (no

fiber addition) composition, strength which is 280 psi. This highest

strength was obtained using 0.25 per cent addition of H. I. Thompson Fiber Glass

Company's Refraisil FIO0-1 fiber. The G. E. pure fused silica random length

fibers also increased the strength of the Lumnite cement compositions, the

highest strength, 430 psi, being exhibited by sample 1246-05-14. This sample

i

• i
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'I'AI_I,],', VI l

] IIY,,[CAL ]'H()J'l",l_'l'l.l,_;

OF REINFORCED 30 ]'EI_CENT LUMNITE C]':MI",NTCOMPOSITIONS

WITH FIBERGLAS FIBERS AND FIAKI,I_

Avg. Avg. Avg. Avg. Peff Cent Increase

Ga. Tech Apparent Water Bulk Transverse or Decrease

Sample No. Porosity Absorption Density Strength from Standard

(_) (_) (Gm/CC) (PSI) (_)

1246-05-FI 34.8 23.7 1.47 380 +35.7

1246-05-F2 36.4 25.5 1.43 320 +14.3

i246-05-F3 36.4 25.6 1.42 290 +3.6

1246-05-F4 29.6 19.1 1.55 450 +60.7

1246-05-F5 34.4 23.5 1.47 390 +39-3

1246-05-F6 32.2 21.6 1.49 580 +107.1

1246-05-F7 30.8 20.2 1.52 660 135.7

i246-05-F8 29.0 18.6 1.56 630 +125.0

1246-05-F9 37.4 26.7 1.40 420 +50.0

1246-05-FI0 33-9 22.8 1.49 500 +78.6

1246-05-FII 31.7 20.8 1.52 630 +125.0

1246-05-F12 29.9 19.3 1.55 530 +89.3

1246-05-F13" 39.8 29.7 1.34 280 --

1246-05-F14 31.7 20.1 1.51 430 +53.6

1246-05-Fi5 35.1 24.3 1.44 340 +21.4

1246-05-F16 35.7 24.1 1.45 400 +42. 9

Sample 1246-05-F13 contained

standard.
no fiber or flake additions and is used as a
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TAI',I,I,; V l I I

PHYSICAL PROI'],;I{[_£],]S

OF REINFORCED 8 PER CENT PYROPREG AC BONDING RESIN--

FUSED SILICA SLIP COMPOSITIONS WITH FIBERGLAS FIBERS AND FLAKES

Avg. Avg. Avg. Avg. Per Cent Increase

Ga. Tech Apparent Water Bulk Transverse or Decrease

Sample No. Porosity Absorption Density Strength from Standard

(_) (_) (_/CC] (PSI) (_)

1249-01-RI 18.6 11.4 1.63 4840 -18.0

1249-01-R2 16.0 9.7 1.64 4080 -30.8

1249-01-R3 21.8 13.7 1.59 2910 -50.7

i249-01- R4 14.0 8.8 i .70 4480 -24 .i

i249-0i-R5 13.0 7.6 1.72 2570 -56.4

1249-0i-R6 24. 5 15.3 1.60 5930 + 0.5

1249-01-R7 19.6 ii. 7 i. 68 5270 -i0.7

i249-01-R8 18.9 11.2 1.70 4840 -18.0

1249-01-R9 21.6 13.7 i. 58 4260 -27.8

1249-01-RI0 14.1 8.4 1.66 6000 + 1.7

1249-01- RIi 18.6 11.3 1.65 6100 + 3.4

i249-0i-R12 14.4 8.5 i. 70 6030 - 2.2

1249-01-R13" I0.6 6.3 i. 65 5900 -

1249-01-R14 14.7 9.0 1.66 5430 - 8.0

1249-01-Ri5 18.8 ii.0 1.71 6350 + 7.6

1249-01-Ri6 17.3 10.4 1.66 5920 + 0.3

J

Sample 1249-0i-R13 contained no fiber or flake additions and is used as a
star,dard.
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contained 0_25 per cent _Ldditiot_ _,11,1itz _l;r<_ngth represents an increase of

53.6 per cent from standard+

The strength of the fiber-relnforced 8 per cent Pyropreg AC bonding

resin--fused silica slip was not improved as significantly as the fiber-

reinforced Lumnite cement compositions. The highest strength was exhibited

by sample 1249-01-R15_ (See Table VIII.) This sample contained 0.50 per

cent G. E. pure fused silica fibers. Its strength was 6350 psi, which is

a 7°6 per cent increase of strength from standard (5900 psi). The Refrasil

fibers and flakes did not fare as well as the G° E. pure fused silica fibers°

The highest strength obtained using Refrasil was for the 0°50-per-cent-

Refrasii FiOO-i-fiber addition. This strength was 6100 psi, which is a 3.4

per cent increase from standard (5900 psi) and is sample 1249-01-RIi. The

fiber or flake reinforcement of the Pyropreg AC bonding resin compositions

was generally poor. The strengths of these compositions were in general de-

creased rather than increased as was the case for the Lumnite compositions.

D. Composite Structures

Studies performed under U. S° Army Ordnance Contract No. DA-OI-O09-

0RD-777 , of which this reported work is a continuation, indicated the

feasibility of directing the transpiration cooling effect of the combined

water or water of crystallization of hydrated materials such as Lumnite

cements, portland cements, clays_ plasters, etc., in such a manner as to

improve the backside temperatures and ablative properties of such materials.

The directing of the transpiration cooling effect was accomplished through the

use of honeycomb structures which acted as the mechanical strength reinforce-

ment agent of the system. The honeycomb structure should lend itself to
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ease in adapting the launch vehicle to other component parts of the mLssile.

The hydrated filler material furnished the transpiration cooling agent of

the composite structure system.

It is thought that the channels of the honeycomb structure directed the

combined water, after its release by the application of extreme temperatures

to the surface of the composite structure, through the system to the back

plate and then redirected it back through the sample, thus establishing a

cooling cycle.

The 30 per cent Lumnite cement--70 per cent -100+200 mesh-fused silica

aggregate, 1o33 water-cement ratio-composition used for the composite struc-

ture studies was selected from the preliminary water-cement ratio studies.

This composition was selected before all of the work on the water-cement

ratio studies was completed because of the limited time of the present con-

tract° It was the best composition studied to date.

The composite substructure was formed from type Ph-15-7M0 stainless steel

l- x 2- x 7-inch honeycomb panels obtained from Lockheed Aircraft Corporation,

Marietta, Georgia. The l- x 2- x 7-inch panels were cut in half, forming

1/2- x 2- x 7-inch open-faced honeycomb panels. The core area of these panels

was 0.0625 square inch and the web thickness was 0.002 inch.

The selected Lumnite compositions were vibrated into the cells of the

open-faced honeycomb test panels until the cells were filled. The surface

was troweled smooth and the resulting composite was then cured, following the

standard procedure outlined in Table II. The cured composites were expose&

to the exhaust gases of the oxyhydrogen rocket motor at a heat flux value

of 260 Btu'ft-2-sec -1. The results of this exposure are listed in Tables XI

and XII, and shown in Figures 39 and 50.
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For the purpose of determining any heat sink effect of the backplate of

the test panel, a i/2-ineh-diameter x i/8-inch-width groove was cut in the

backplate of two test panels and centered directly behind the planned point

of flame impingement. The spring-loaded backside-temperature-sensing thermo-

couple was centered on the resulting disk of the grooved backplate during the

exposure of the test panel to the exhaust gases of the oxyhydrogen rocket

motor.

Figure 39 is a comparison of the change in backside temperature of the

composite_ having a i/2-inch-diameter groove cut in the backplates_ sample

1249-02-0, with similar composites without the grooved ring_ sample 1249-02-R.

The heat sink effect of the backplate is graphically shown by the lower change

in backside temperature for the same time and by the masking or hiding of the

fiat portion of curve '0' _ Figure 39, of the transpiration cooling effect,-of

the Lumnite cement filler material.

A composite that is formed by applying a thick ceramic coating to a

metal substrate was studied. Sandblasted 2- x 7- x I/8-inch mild steel plates

were coated with a film of Nalcoag (colloidal silica). The aggregate compo-

sitions A and B listed below were troweled onto the surface of the substrates

until a i/2-inch-thick test plate was formed. The test plates were then dried

in a 160 ° F dryer for approximately 16 hours, and then exposed to the exhaust

gases of the oxyhydrogen rocket motor at a heat flux value of 260 Btu.ft-2.sec -I

Composition B

i00 parts by weight fused silica slip

i00 parts by weight -20+50-mesh fused silica aggregate

0.50 part by weight water

0.50 part by weight Nalcoag
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Composition D

i00 p_rts by weight; t'used silica slip

75 parts by weight -50+lO0-mesh fused silica ac_regate

0.67 part by weight water

0°67 part by weight Nalcoag

The backside-temperature-vs-time curve is shown in Figure 40 and the

test plates are shown in Figure 51 after the ablation test. There was

negligible ablation at this heat flux value. The subs_rate for composition

D separated after the rocket motor was cut off.

These results indicate that there is a possibility of easily coating

a metal nose cone with a ceramic material for thermal protection (in this

case fused silica), and still retaining the desired properties of both the

metal and ceramic.

E. Differential Thermal Analysis (DTA)

A DTA study was made to determine the temperature range in which the

combined water of Lumnite and portland cements and Gypsum plaster is re-

leased.

Test pellets described in Section A were made from various combinations

of Lumnite and portland cements--fused silica aggregate and Gypsum plaster.

The water of plasticity (water-cement ratio) was varied so as to determine

its effect on the magnitude of the endothermic peak (negative millivolts)

caused by the release of the water of crystallization. The effect of the

fused silica aggregate size from -100+200 mesh to -50+100 mesh and Aerolith

additions from 0.5 oz Aeroiith per 94 ib of cement to 4 oz Aerolith per 94

ib of cement on the magnitude of the endothermic peak was investigated.

Table IX lists the DTA data obtained and Figures i0 through 29 the plots

of the DTA data.
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TAB I]_ IX

DIFFERENTIAL THERMAL ANALYSIS DATA

Oa. Tech Endothermic Endothermic Water Release

Sample No. Peak Area Tempemature Range

1246-01-A

1246-01-B

1246-01-C

1246-01-D

1248-02-AP

1248-02-BP

1248-02-CP

1248-02-DP

1246-04-ASL

1246-04-BSL

i246-04-CSL

1246-04-DSL

1246-03-IL

1246-03-2L

1246-03-3L

1246-03-4L

1248-01-5P

1248-01-6P

1248-01-7P

1248-01-8P

1248-01-5XP

i248-01-6XP

1248-01-7XP

1248-01-8XP

1246-02-01

1246-02-02

1246-02-03

(°c)

175

14o

15o

lO5

155

155

170

145

200,300

135,285

155',275

175; _90

15o

125

165

175

15o

165

15o

140

125

85

125

150

175

165

150,275

(In2) (oc)

1.80 25-29o

1.28 25-25o

1.62 30_270

1.6o 25-225

0.81 45-220

1.29 40-255

0.40 45-205

1.12 25-245

2.29 25-310

1.37 40-303

2.58 30-298

3.26 40_305

1.79 25-250

0.66 60-235

0.83 45-230

1.57 55-258

1.18 30-230

0.84 35-225

0.87 25-230

0.72 25-220

1.25 40-240

0.94 25-205

0.97 25-200

0.87 30-230

i.i0 40-225

3.15 15-257

3.60 10-305

(Continued)

Exothermic Exothermic

Peak Area

(oc) (in2)

315 0.40

265 1.29

310 1.28

290 1.29

325 1.96

325 1.87

320 3.01

320 0.70

350 3.09

350 3.16

330 2.96

350 2.22

315 3.00

320 2.41

340 2.84

320 3.82

330 3.03

320 2.96

335 1.64

330 1.63

3oo o.55

300 1.65

300 1.78

310 i.30

32o 2.io

310 2.25

355 1.45
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TABLE IX (Continued)

DIFFERENTIAL THERMAL ANALYSIS DATA

Ga. Tech Lhdothermic Endothermic

Sample No. Peak Area

Water Release

Temperature Range

(oc) (In2) (oc)

1246-02-04 150,285 4.04 30-320

1246-02-05 140 1..86 35-280

1246-02-06 165 2.70 15-285

1226-02-07 160,305 4.32 10-355

1246-02-08 155,285 4.50 15-305

1246-00-01 + 190,330 5.14 30-375

1248-00-01 ++ 220,560 6.69 40-345,395-650

1249-00-01 +++ 230 10.37 40-960

1246-06-XK 170 2.24 25-270

1246-06-X2 180 2.34 35-260

1246-02X2A 170 2.66 25-280

Exothermic

Peak

(°c)

36o

31o

31o

380

375

4!5

36o

31o

31o

320

Exothermie

Area

(In 2)

1.55

0.67

1.00

0.47

1.39

0.98

0.23

o.75

i.ii

O .73

+i00 per cent Lumnite cement (water-cement ratio 0.28).

++i00 per cent portland cement (water-cement ratio 0.34).

+++i00 per cent Gypsum plaster (water-cement ratio 1.50).

For a detailed description of the method used to obtain the DTA data see

section A. A discussion of the results for each test sample can be found in

their respective sections.

F. Ablation Studies

This section contains the backside temperature determinations and ablation

properties of all the material systems evaluated. A detailed discussion is

given for each material system in its respective subsection.
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Figure I0. Differential Thermal Analysis Samples 1246-01-A, B.
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Figure ii. Differential Thermal Analysis Samples 1246-01-C, D.
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Figure 12. Differential Thermal Analysis Samples 1248-02-AP,BD.
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Figure 13. Differential Thermal Analysis Samples 1248-02-CP, DP.
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Figure 16. Differential Thermal Analysis Samples 1246-03-iL, 2L.
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Figure 18. Differential Thermal Analysis Samples 1248-01-5P, 6P.
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Figure 19. Differential Thermal Analysis Samples 1248-01-7P, 8P.
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Figure 20. Differential Thermal Analysis Samples 1248-01-5XP, 6XP.
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Figl_e 21. Differential Thermal Analysis Samples 1248-01-7XP, 8XP.
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Figure 22. Differential Thermal Analysis Samples 1246-02-01, 02.
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Figure 23. Differential Thermal Analysis Samples 1246-02-03, 04.
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Figure 24. Differential Thermal Analysis Samples 1246-02-05, 06.
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Figure 25. Differential Thermal Analysis Samples 1246-02-07,08.
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Figare 26. Differential Thermal Analysis Samples 1248-00-01 and

1246-00-01.
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Figure 28. Differential Thermal Analysis Samples 1246-06-Xi, X2.
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Shown in Tables X, Xl_ and XII :_r(:the history of each rocket motor

test plate and the data obtained from each test plate or test group. Unless

otherwise stated all test plates were exposed to the exhaust gases of the

oxyhydrogen rocket motor at 9-1/2 inches from the exit plane of the rocket

nozzle at a flame impingement angle of 450; the water calorimeter heat flux

-i
value at this distance and angle is 260 Btu.ft-2-sec Backside temperature

measurements were made with an iron-constantan thermocouple automatically

recorded on a Wheeleo Model 8000 recorder at a chart speed of 180 inches per

hour. For a more detailed explanation of the method used to obtain ablation

data, see section A. Figures 30 through 40 show the backside-temperature-

vs-time curves (ambient temperature between 25 ° and 30° C) for all test

plates exposed to the exhaust gases of the oxyhydrogen rocket motor. Unless

otherwise stated these curves are an average of two test plates. Figures 41

through 51 show the rocket motor test plates after ablation tests.

TABLE X

HISTORY OF ROCKET MOTOR TEST PIATE SAMPLES

Ga. Tech Sample No.

1246-01-A, i246-01-B, 1246-01-C, 1246-01-D,

1248-02-AP, 1248-02-BP, 1248-02-CP, 1248-

02-DP, 1248-04-ASL, 1246-04-BSL, 1246-04-

CSL, 1246-04-DSL, 1246-03-iL, 1246-03-2L,

1246-03-3L, i246-03-4L, 1248-01-5P, 1248-

OI-6P, !2k8-Oi-7P, 1248-01-8P, 1248-01-5XP,

!248-01-6XP, 1248-01-7XP, 1248-0i-8XP,

1246-02-01_ i246-D2-02, 1246-_2,03,

1246-02-04, 1246_02-05, 1246-02-06,

1246-02-07, 1246-02-08

1246-0i-BF

(Continued)

Histor_ Section B

Composition shown in Table llI,

section B and cured according

to procedure outline in Table

II, section B.

Same as 1246-01-B except fired

at 2150 ° F for 4 hours.
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TABLE X (Continued)

}IISTORY OF ROCKET MOTOR TEST YIATE SAMPLES

1246-06-XI

i246-06-X2

I246-06-X2A

1249-02-0

1249-02-R

1249-03-B

1249-03-D

Ca. Tech Sample No. Historyp Section B

30 per cent Lumnite cement--

70 per cent fused silica aggre-

gate (-100+200 mesh), water-

cement ratio 0.67 and Ludox-

cement ratio 0.87. Cured

following standard curing pro-
cedure.

Same as 1246-06-XI except it

has no water but has a Ludox-

cement ratio of 1.72 . The

sample was cast after gelling

occurred.

Same as 1246-06-X2 except it

was cast before gelling occurred.

Honeycomb composite structure

with 30 per cent Lumnite cement

composition, i/2-inch groove

cut in back plate directly be-

hind point of flame impingement.

Same as 1249-02-0 except it has

no groove cut in the back plate.

i/8-inch-thick metal substrate

coated with approximately 3/8-

inch fused silica aggregate

coating_ composition B fired

at 160 ° F for 16 hours.

Same as 1249-03-B except compo-

sition D was used to coat the

substrate.
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TABLE XI

ABLATION _!]ST DATA

Ga. Tech

Sample No.

1246-01-A I

1246-01-A 3

1246-01-B I

1246-01-B 2

i246-01-C 2

1246-01-C 3

1246-0i-D 2

i248-02-AP I

1248-02-AP 2

1248-02-BP I

1248-02-BP 2

1248-02-CP I

i248-02-CP 2

i248-02-DP I

1248-02-DP 2

1246-04-AS_

1246-04-ASL 2

!246-04-BSL 1

1246-04-BSL 2

i246-04-CSL.
i

i246-04-CSL2

Exposure

Time

(Sec)

114

126

136

155

156

164

128

118

iii

122

123

147

135

i34

135

127

133

121

123

1i5

131

Max. Change in

Backside Temp.
(0C)

192

210

217

215

229

222

2O4

220

219

217

217

220

218

220

222

210

222

218

220

192

219

(Continued)

Weight

Loss Rate

(_/Sec)

o.145

o.185

o.117

0 •i01

0.1i3

0.098

0.127

0.140

O.i4i

0.170

0.172

0.069

0.139

0.ii3

o.135

o.i79

o.173

o.i98

0.185

0.200

0.158

Maximmn Ablation

and/or Erosion _te

(_n/Soo)

0.0026

0.0025

0.0011

o.ooo6

o.ooi4

o.ooli

0.0012

0.0020

0.0024

0.0022

0.0o19

i

0.0022

o.oo18

o.ooz9

o.oo17

0.oo21

o.oo21

0.0024

o.oo19

0.0022

0.0020
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TABLE XI (Continued)

ABIATION TEST DATA

Ga. Tech

Sample No.

1246-04-DSL 1

1246-04-DSL 2

i246-03-1L 1

i246-03-IL 3

1246-03-2L i

1246-03-2L_
J

1246-03-3L i

i246-03-3L 2

1246-03-4L I

1246-03-4L 2

i248-0i-5P I

1248-0i-5P 2

1248-01-6P I

i248-oi-7P i

1248-0i-7P 2

i248-0i-8P i

i248-oi-8P 3

1248-oi-5xP 2

i248-oi-5xP 3

i248-oi-6xP 2

i248-oi-6xP 3

Exposure

Time

(See)

104

i13

147

14o

148

143

138

158

16o

151

96

lO6

ioi

14o

149

144

155

20O

181

160

195

Max. Change in

Backside Temp.

(°c)

219

220

219

222

223

217

218

221

197

222

223

221

208

221

221

225

209

216

182

220

222

(Continued)

Weight

Loss _%te

(Cm/See)

0.2i7

o.178

o.io8

O.iii

O.lO5

0.099

o .io8

o.ioi

o. ioi

0.082

0.151

0.150

0.165

0.072

0.073

0.062

0.057

o.o54

0.115

0.062

0.o53

Maximmm Ablation

and/or Erosion Rate

(In/See)

0.0025

0.0024

0.ooo9

o.ooo9

0.oo13

o.ooli

o.ooli

o.oolo

0.oo14

o.ooo9

O.O026

O.OO28

0.0029

0.0002

0.0002

0.000i

0.0002

0.0000

0.0000

0.000i

0.0001
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TABLE XI (Continued)

ABLATION TEST DATA

Ga. Teeh

Sample No.

i248-01-7XP I

i248-oi-8xP I

i246-o2-oi

1246-02-02

1246-02-03

1246-02-04

1246-02-051

1246-02-052

1246-02-061

1246-02-062

1246-02-071

1246-02-072

1226-02-081

!246-06-Xi i

1246-06-XI 2

i246-06-X21

1246-06-X22

Exposure
Time

(See)

100

89

87

101.4

io4.o

i32.0

140

156

99

Ii2

123

ii6

152

92

96

89

99

Max. Change in

Backside Tempo

(oc)

223

2O7

i88

2O3

201

2OO

225

226

225

ii8

193

225

222

i88

157

218

2O4

218

221

222

244

i246-06-X2A I

i246-06-X2A 2

1246-0i-BF I

1246-0i-BF 3

i13

iO0

49

5o

(Continued)

-65-

We ight

Loss R_te

(GmlSee)

O. 121

0 .i83

0.214

0.214

o.37o

0.211

0.iii

0.o97

0.286

0.258

0.202

o. 238

o.2o9

0.258

0.267

0.277

0.258

o.216

o.i92

0.128

0.i35

Maximum Ablation

and/or Erosion Rate

(In/See)

0.0022

0.0044

0.0026

o.oo3o

0.0022

0.0018

O.O009

O.OOlO

o.oo5o

0.0039

0.0042

0.0038

0.0028

0.0034

0.0036

0.0033

0.0029

0.0024

0.0022

0.0033

O.O042
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TABLE Xl (Continued)

ABLATION TEST DATA

Ga. Teeh Exposure Max. Change in

Sample No. Time Backside Temp.

(See) (°C)

1249-02-01 74 219

1249-02-02 65 223

1249-02-R 2 86 229

i249-03-B 86 223

12k9-03-D* 107 223

Weight
Loss Rate

(Gm/Sec)

o.i9i

o.i79

o

o.162

0°008

0.014

Maximmm ablation

and/or Eroslon Rate

(In/Sec)

0.0022

o.oo36

0.0033

0.0000

Separated fi-om back plate after test.

TABLE XII

TRANSPIRATION COOLING DATA

Ga. Tech

S_mple No.

1246-01-A

1246-01-B

i246-0i-C

1246-01-D

i2gS-O2-AP

1248-02-BP

i248-02-CP

i248-02-DP

12hg-O4-ASL

(Continued)'

-66-

Cooling

Temperature (LIT)

(oc)

60

68

69

68

64

66

60

69

64

Cooling

Period

(Sec)

76

76

114

58

34

56

58

54

38
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TABLE XII (Continued)

TRANSPIRATION COOLING DATA

Ga. Tech

Sample No.

1246-04-BSL

i246-04-CSL

i246-04-DSL

1246-03-IL

1246-03-2L

]246-03-3L

1246-03-4L

12_8-oi-5P

i248-0i-6P

1248-0i-7P

i248-01-8P

1248-01-5XP

1248-0i-6XP

i248-01-7XP

i248-01-8XP

1246-02-01

1246-02-02

1246-02-03

1246-02-04

1246-02.05

1246-02-06

Cooling

Temperature (AT)

(oc)

63

61

61

71

7i

7o

7o

59

67

72

68

66

6o

64

66

68

71

(Continued)
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Cooling
Perlod

(Seo)

39

55

48

62

62

1i4

82

26

41

46

56

52

20

20

44

2O

52

4o
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TABLE XII (Continued)

TRANSPIRATION COOLING DATA

Ga. Tech

Sample No.

1246-02-07

1246-02-08

i246-06-XI

1246-06-X2

12k6-O6-X2a

12L,-9-02-0

i249-02-R

i246-01-BF

1249-03-B

1249-03-D

Cooling

Temperature (AT)

---(oc)

56

64

60

66

63

58

Cooling
Period

(seo)

26

68

3o

42

22

14
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IV,, CONC I,USI ONS

Concluding statements are not necessary for some of the below-listed

headings. These headings are listed only for the purpose of continuity°

A. Equipment and Procedures Used for Standard Tests

B° Hydrated Cements--Fused Silica Aggregate Mixes

Evaluations of hydrated materials such as Lumnite, special Lumnite and

portland cements and Gypsum plaster indicated that their water of crystalli-

zation could be utilized for transpiration cooling. Figures 30 through 37

graphically illustrate the transpiration cooilng effect of the combined water

of the cement when the rocket motor test plates were exposed to the exhaust

-2
gases of the oxyhydrogen rocket motor at a heat flux value of 260 Btuoft

-i
sec Cooling time periods as long as 114 seconds were noted. Figure 30

graphically illustrates the amount of cooling that is due to ablation

(sample 1246-0i-BF) and the amount of cooling that is due to transpiration

cooling (samples 1246-01-A, B, C, D). Also the average ablation or erosion

rate and weight loss rate were significantly increased due to the removal of

the chemical or combined water.

From the results of the water of plasticity (water-cement ratio) study

of Lumnite, special Lumnite, and portland cements--fused silica aggregate

it was fomud that a correlation could be made between the DTA data (Table IX

and Figures I0 through 25) and the ablation data (Tables XI and XII and

Figures 30 through 37); that is the greater the endotnermie area of the DTA

curves the greater the transpiration cooling period. Sample 1246-0i-C ex-

hibited the longest transpiration cooling period of 1i4 seconds. In general
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t_e water-c_ment ratlo of 1.33 oFFered the ]ong_st cooling pf_riod _n <_iI

t_ee c:_ses The correl_t_on between the DTAdata and the ablation data was

also noted in the Chd_gein aggregate p_rt_cle s_ze and the Aerolith additlon

study,

The results of the DTAdata showedthat i00 per cent Gypsumplaster had
2

the greatest endothermic area of approximately i0 in with portland cement

next with 5.5 in 2 and then Lumnite cementwith 5.1 in 2. Twoendothe_ic

peaks were noted for the Lu_ite and portland cement test pellets.

The average transverse strength of the test samples with water replaced

by Ludox iS collo_dai silica was approximately 220 psi, average bulk density

iok gm/cc and average apparent porosity 34 per cent° The largest DTAendother-

mie area of these samples was 2.66 in 2 (sample 12a6-O2-X2A)o 7his area was

larger than the samples studied in the water-cement ratio study. However,

the transpiration coollng effect was less than the Lumnite samples containing

only water,

C_ Reinforced Ceramic Fiber Ceramics

The average transverse strength of the 30 per cent Lumnite cement--70

per cent -10O+200-mesh fused silica aggregate was increased for each fiber

additlon with sample i246-05-F7 exhibiting the highest strength of 660 psi.

Tnls value represents a 135°_-per-cent increase in strength from the standard

(no fiber addltion) composition strength which was 280 psi. This highest

strength was obtained using a O,.25-per-cent addition of H. I. Thompson Fiber

Glass Company's Refras_i FIG0-1 f_bero The Go E pure fused silica random

iengtn fibers also increased the strength of the Lumn=te cement composit=onso

The m_g_,est strength, 430 psi, being exnlbited by sample i246-05-14. Tnls
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s_mplc_ cont_.ined a 0.25-per-cent addition and its strength represents an

increase of .53.6 per cent from standard°

The strength of the fiber-reinforced 8 per cent Pyropreg AC bonding

resin--fused silica slip was not improved as significantly as the fiber-

reinforced Lumnite cement compositions. The highest strength was exhlblted

by sample 1249-01-Ri5 (6350 psi, a 7.6-per-cent increase from standard),

This sample contained 0°50 per cent Go Eo pure fused silica fibers. The

R_frasii fibers and flakes did not fare as well as the Go E° pure fused

silica fibers° The highest strength obtalned using Refrasil was for the

O.,50-per.-cent-.Refrasil FiOO-l-fiber addition° This strength was 6100 psi,

which is a 3,4_per.-.cent increase from standard (5900 psi) and is sample 1249-

0i.-Pd.l_ The fiber and flake reinforcement of the Pyropreg AC bonding resin

compositions were generally poor°

Due to time iimitations; ablation properties could not be investigated

for these compositions°

Do Composite Structures

It was shown that composite structures could be fabricated by fiillng
s

openfaced honeycomb panels with Lumnite cement compositions and by coating

a mild steel substrate with fused silica aggregate° These composite struc-

tures withstood the thermal shock of the exhaust gases of the oxyhydrogen

rocket motor.

For the purpose of determining any heat sink effect of the bacKplate of

the honeycomb test panel, a i/2-inch-.diameter x i/8-width groove was cut in

the backplate directly behind the planned point of fi_me impingement° The

heat sink effect of the backplate is graphically shown by the lower change
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in backside tempcratla_e for the s_%me time by masking or hlding the tr;m-

spiration cooling effect oi" the lamnite cement filler material (the flat

portion of curve '0', Figure 39)-

The results of the coating of the substrate with fused silica aggre-

gate indicate that there is a possibility of easily coating a metal nose

cone with a ceramic material for thermal protection and still retaining

the desired properties of both the metal and ceramics.

E° Differentia_ Thermal Analysis (DTA)

F. Abiat_ on Studies

Approved :

o D, Walton, Jr., Head

Ceramics Branch

Frederick Beilinger, Chief

Nateria2 Sciences Division

J. E. ioyd_,irector

Engineering Experiment Station

Respectfully submitted:

N. Eo Pouios

Project Director
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V° APPENDIX

A. Analys_s of H_drated Cements

Following is a chemical analysis of Lumnite, special Lumnite, and

portland cements used for conducting the experimental tests.

LUMNITE CEMENT

m2o3+_I02 41.5 o/o

CaO 36.4 o/o

Fe203 5-7 o/o

FeO 5-7 o/o

sio2 8°9 o/o

Mgo lol o/o

S03 0°22 o/o

0.48o/o

SPECIAL LUMNITE CEMENT

A1203

CaO

Fe203

S

Si02

PORTLAND C_NT_ TYPE III

Ca3SiO 5 (or 3Ca0.Si02)

Ca2Si04 (or 2Ca0oSi02)

Ca3A1206 (or 3Ca0.A1203)

Ca4Al2Fe201o (or 4CaO .AI203" Fe203 )

48 o/o

38 o/o

1 o/o

0.7 olo

6 olo

53 o/o

19 o/o

lO o/o

l0 o/o
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B. Source of Raw M:iterials

Colloidal Silica, Ludox LS, Eo Io Dupont de Nemours and Company, Incor-

porated, Grasselli Chemicals Department, Wilmington, Delaware.

Fused Silica Aggregate and Slip, The Glasrock Products, Incorporated,

Atlanta, Georgia.

P_ropreg AC Bonding Resin, Cardo Molding Products, Incorporated, Dane and

Company, Atlanta, Georgia.

Refrasil Fl00-1/4j FIO0-1/2_ Fl00-11 FLI00 Fibers and Flakes, H. I.

Thompson Fiber Glass Company, Los Angeles, California.

G. E. Pure Fused Silica Fibers, The General Electric Company, Schenectady,

New York.

Lumnite Cement, Universal Atlas Cement, Division of United States Steel

Corporation, New York, New York.

Portland Cement, High Early, Southern Cement Company, Division of American,

Marietta Company, Mingham, Alabama°

U. So Gypsum Potter_ Plaster No. i, United States Gypsum Company, Chicago,

lilinois o

Keltex, Kelco Company, New York, New York.

Aerolith, Vinsol Resin Solution, L. Sonneborn Sons, Incorporated, New

York, New York.
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